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Plain chest X-rayAbstract Background: A new strain of human inﬂuenza A (H1N1) virus originated from Mexico
in 2009 and spread to more than 190 countries. WHO declared it a level 6 (highest level) pandemic.
Some previously healthy patients who were infected by H1N1 virus experienced rapidly progressive
pneumonia leading to acute respiratory distress syndrome (ARDS) and even death. The aim of this
study was to describe the radiological features in adult patients with H1N1 inﬂuenza pneumonia
and to see if there were any predominant radiological features.
Methods: Retrospective descriptive study was performed during the epidemic of H1N1 inﬂuenza
infection from August through November 2009 in two Middle East countries. The study involved
209 adult patients with laboratory conﬁrmed H1N1 inﬂuenza virus infection by RT-PCR.
Pneumonia was conﬁrmed in 54 patients of them. The CXR (No. 54) and the chest CT images
(No. 24) of those 54 patients were enrolled in the study for radiological description.
Results: Mean age of patients was 43.07 years, of them 27 patients were males. CXRwas diagnos-
tic of pneumonia in 47/54 patients and chest CT was diagnostic of pneumonia in 24/24 patients.
GGO (34/47 of CXR and 23/24 of CT) and alveolar consolidation (31/47 of CXR and 16/24 of
CT) were the predominant pattern. Chest CT was more sensitive than the CXR in the diagnosis
(17/24 for CXR and 24/24 for CT) and in showing the different patterns of opacities (p value was
0.02 for alveolar opacity and was 0.00 for both GGO and nodular opacity). The opacities were
mainly bilateral (28/47 of CXR and 17/24 of CT), basal and midzonal in CXR (23/47), and periph-
eral (23/24) in CT. Most of the cases were not extensive (33/47 of CXR and 18/24 of CT).
Conclusion: The predominant radiological pattern in H1N1 pneumonia is bilateral GGO and
alveolar consolidation. In the CXR, the opacities were basal and midzonal while in the chest CT wererculosis.
136 M. Abdelsalam et al.peripheral and peribronchovascular with diffuse zonal involvement. Chest CT is more sensitive than
CXR in diagnosing doubtful cases and in showing different patterns of opacities.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest
Diseases and Tuberculosis. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
A major outbreak of acute respiratory infectious illness had
attacked Mexico in March 2009 [1], after that spread to the
USA [2]. Within three months and on June 2009, the World
Health Organization (WHO) declared this illness as a global
pandemic [3]. A novel virus was discovered to cause such
illness. At ﬁrst it was named swine-origin inﬂuenza A virus
(S-OIV) [4] but later was changed to the H1N1 inﬂuenza virus
[3]. The new virus can cause a wide spectrum of respiratory ill-
ness ranging from mild febrile illness to severe respiratory dis-
tress [2,5]. A lot of fatalities were recorded [5,6]. The severity
and the fatality of the disease were mainly related to the injury
of the lung parenchyma with the virus, i.e. pneumonia [7,8].
The diagnosis of pneumonia is conﬁrmed by the presence of
consistent radiological opacities in a patient with clinical evi-
dence of acute respiratory tract infection [9]. The early diagno-
sis of pneumonia and the rapid initiation of the proper
empirical antimicrobial therapy are mandatory to improve
the outcome of the patients [9,10]. The strict isolation policy
for suspected and conﬁrmed cases will limit further spread of
the virus [11]. Some studies had assessed the radiological fea-
tures of H1N1 inﬂuenza pneumonia [12–20], but; up to our
knowledge none was done in our countries.Materials and methods
This study was a retrospective descriptive study. Plain chest X-
ray (CXR) with or without computerized tomography (CT)
scanning of the chest was done in 209 adult patients with
laboratory conﬁrmed H1N1 inﬂuenza during the pandemic
from August through November 2009 in Abbassia Chest
Hospital (ACH) at Cairo and Dr. Erfan and Bagedo General
Hospital (EBGH) at Jeddah, Saudi Arabia. The CXR was
done for all the patients while chest CT was ordered according
to the clinical indications by the treating physician. 54 patients
were found to have radiological opacity consistent with pneu-
monia and fulﬁlled the inclusion criteria. The radiological
studies of these 54 patients were examined and enrolled in
the study.
All the patients should be 18 years or older, have clinical
evidence of acute respiratory tract infection, have radiolog-
ical ﬁndings consistent with pneumonia, and have conﬁrmed
laboratory diagnosis of H1N1 inﬂuenza virus infection. The
radiological studies were plain chest X-ray (CXR) and/or
computerized tomography (CT) scan of the chest. The radi-
ological studies were done within 24 h of hospital arrival.
The laboratory diagnosis was based on the detection of
the virus with real-time reverse transcriptase polymerase
chain reaction (RT-PCR) in the nasopharyngeal swab or
in the lower respiratory tract secretion collected within
24 h of hospital arrival. The laboratory tests were done in
the central laboratory of the Minister of Health of Egyptor Saudi Arabia. No patient consents were needed as the
study was retrospective and used only the radiological data
of the patients. The study was approved by the Research
and Ethics Committee of the Chest Department, Faculty
of Medicine, Ain Shams University in November 2014.
The data were collected from the hospital registry of the
patients during the mentioned time frame. All data were
collected and statistically analyzed.
The exclusion criteria were:
1. Patients younger than 18 years old.
2. The radiological studies and/or the sample collection for
RT-PCR were delayed for more than 24 h of hospital
arrival.
3. The presence of a known major immunocompromising con-
dition such as HIV, hematologic malignancy, post organ
transplant, active chemotherapy utilization, and/or regular
use of steroid of more than 15 mg Prednisolone (or equiva-
lent) daily for more than one month.
4. The presence of other radiological features that obscure,
enhance, and/or conﬂict with the pneumonia opacity.
The radiological studies included the hard ﬁlms of the CXR
in the radiology archive of ACH and the images of CXR and
chest CT stored in the Picture Archiving and Communication
System (PACS) of EBGH. The hard ﬁlms and the images were
reviewed by two senior pulmonologists and one senior radiol-
ogist independently. They reached a decision on the ﬁnal inter-
pretation by consensus.
Image analysis
I. The CXR was assessed for
1. Pattern of opacities: The nature of the opacities was catego-
rized as conﬂuent consolidation, alveolar consolidation,
ground glass opacities (GGO), nodular opacities, and/or
reticular opacities. The presence of other opacities will be
accepted if they did not interfere with the assessment of
the pneumonia opacities and will be inferred.
2. Distribution of opacities: The distribution of opacities was
assessed for two variables:
 Focal, multifocal unilateral, or bilateral.
 Upper zones, middle zones, and/or lower zones.
3. Extension of opacities: The extension of opacities was cal-
culated as the number of the involved lung zones out of six.
II. The Chest CT images were assessed for
1. Pattern of opacities: The nature of opacities was catego-
rized as for CXR.
2. Distribution of opacities: The distribution of opacities was
assessed for three variables:
Figure 1 Pregnant lady with conﬁrmed H1N1 inﬂuenza. CXR
shows bilateral alveolar consolidation and GGO involving the 3
lunge zones.
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 Upper zones, middle zones, and/or lower zones.
 Central, peripheral, and/& peribronchovascular.
3. Extension of opacities:The extension of opacities was calcu-
lated as for CXR.
Consolidation was deﬁned as a homogeneous opaciﬁcation of
the parenchyma with obscuration of the underlying vessels
[21,22]. Consolidation was described as alveolar (patchy) when
it was equal to or less than 3 cm and as conﬂuent when larger
than 3 cm. Nodular opacity was deﬁned as a rounded focal
consolidation equal to or less than 3 cm in diameter [21,22].
GGO was deﬁned as a hazy area of increased opacity or atten-
uation without obscuration of the underlying vessels [21,22].
Reticular opacities were deﬁned as reticular shadow forming
mesh like pattern [21]. Focal was deﬁned as a single focus of
abnormality [13]. Each lung was divided into three zones
(upper, middle, and lower) by 2 imaginary lines equally divid-
ing the craniocaudal extent of the front radiograph [12]. The
opacity was considered central when it was nearer to the hilum
than to the chest wall in the transverse plane of the CT scan.
Peribronchovascular was the opacity extending from the hilum
to the periphery along the bronchovascular bundle [13].
Statistical analysis
Description of quantitative variables as mean, standard devia-
tion (SD) was done. Chi square was used for comparison
among various qualitative variables. A signiﬁcance level of
P< 0.05 and a highly signiﬁcant level of P< 0.01 were used
in all tests. All statistical procedures were carried out using
SPSS version 20 for Windows (SPSS Inc, Chicago, IL, USA).
Results
The radiological ﬁndings in 54 patients with RT-PCR con-
ﬁrmed H1N1 inﬂuenza pneumonia were examined; 26 patients
were admitted to ACH and 28 patients were admitted to
EBGH. The age of the patients ranged from 18 to 83 with a
mean of 43.07 years. Females were 27/54 patients (50%) and
males were 27/54 patients (50%). The 26 patients from ACH
made CXR and the hard ﬁlms were examined, but chest CT
ﬁlms were not available. The 28 patients from EBGH made
CXR and 24/28 patients made chest CT. So, 30 patients made
CXR only and 24 patients made both CXR and chest CT. In
the patients who made only CXR, the CXR were diagnostic of
pneumonia in all of them, but in the 24 patients who made
CXR and chest CT, the CXR was normal in 7/24 patients (sen-
sitivity: 71%) and pneumonia was diagnosed in these 7
patients by the chest CT ﬁndings. The chest CT was diagnostic
of pneumonia in 24/24 patients (sensitivity: 100%). The CXR
was done in 54 patients and it was normal in 7 patients and
diagnostic of pneumonia in 47 patients. The sensitivity of
CXR to diagnose H1N1 pneumonia was signiﬁcantly lower
than the chest CT.
Pattern of the opacities
One pattern of opacity was present in 27.3% of CXR and in
4.2% of CT, two patterns were present in 23.4% of CXRand in 29.2% of CT and three or more patterns were present
in 48.9% CXR and in 66.6% of CT. GGO and alveolar con-
solidation with or without other patterns were the most com-
mon combination in all cases representing 62.5% of cases.
In the 24 patients who did both CXR and chest CT, the sen-
sitivity of the CXR to diagnose the H1N1 pneumonia (17/24;
71%) was much less than the CT scan; (24/24; 100%). Also,
the chest CT was more sensitive than the CXR in showing
the different patterns of opacities as shown in (Table 2).
Furthermore, there was a highly signiﬁcant statistical differ-
ence between CT images’ ﬁndings and CXR ﬁndings in the
group of patients who did both CXR and chest CT (24
patients) as regards; alveolar consolidation, ground glass opac-
ity and nodular opacity as shown in (Table 2).
Distribution of the opacities
In CXR the most common distribution was both lower and
middle zone involvement (50%) followed by involvement
either of lower or middle zones.
In the chest CT, the most common distribution is three
zones distribution in 45.8% of cases followed by single zone
distribution to any of the three zones. Also, the opacities were
central in 7/24 (29.1%), peripheral in 23/24 (95.8%), peribron-
chovascular in 10/24 (41.7%), and mixed in 12/24 (50%);
mostly peripheral and peribronchovascular.
Extension of the opacities
The extension of opacities in CXR and CT images is explained
in detail in Figs. 1–7 and Table 4.
Discussion
The 2009 pandemic of H1N1 inﬂuenza had triggered our mind
about the importance of viruses as a main cause of community
acquired pneumonia. The guidelines had stated this fact before
[9,23]. Moreover, the American thoracic society and the infec-
tious disease society of America recommended the empirical
use of oseltamivir for the treatment of community acquired
Figure 2 CXR of 65 year old female patient with H1N1
inﬂuenza pneumonia shows bilateral middle and lower lung zones
reticular opacities and alveolar consolidations.
Table 1 Description of the prevalence of the different patterns
of opacities seen in CXR and chest CT images.
CXR 47 pts CT images 24 pts
Conﬂuent consolidation 10/47 (21.3%) 10/24 (41.7%)
Alveolar consolidation 31/47 (66%) 16/24 (66.7%)
GGO 34/47 (72.3%) 23/24 (95.8%)
Nodular opacity 9/47 (19.1%) 12/24 (50%)
Reticular opacity 24/47 (51.1%) 16/24 (66.7%)
CXR: Plain chest X-ray, CT: Computerized tomography, Pts:
Patients, GGO: Ground glass opacities.
138 M. Abdelsalam et al.pneumonia during the inﬂuenza epidemic [9]. Inﬂuenza virus is
the most common cause of viral pneumonia in healthy adults
[9,24]. Identiﬁcation of characteristic radiological opacities
may help in early treatment and isolation of such cases with
resultant better outcomes and limiting spread of the illness
[1,9].
The current study described the radiological ﬁndings in 54
patients with conﬁrmed H1N1 inﬂuenza pneumonia in 2 differ-
ent Middle East countries. Up to our knowledge, no similar
studies were done in these countries. The number of the
patients is relatively good and larger than other similar studies
[1,2,12–18]. Gate et al. [19] studied a larger number, but they
included adults and children. Li et al. [20] studied 105 patients,
but they included presumed H1N1 cases in addition to the con-
ﬁrmed cases. The apparently larger number in some studies
[1,12,18] was due to the inclusion of all cases with H1N1Table 2 Description of different patterns of opacities in both CXR
and chest CT.
CT images 24 pts
Conﬂuent consolidation 10/24 (41.7%)
Alveolar consolidation 16/24 (66.7%)
GGO 23/24 (95.8%)
Nodular opacity 12/24 (50%)
Reticular opacity 16/24 (66.7%)
CXR: Plain chest X-ray, CT: Computerized tomography, Pts: Patients, Ginﬂuenza. The subanalysis showed that the number of cases
with conﬁrmed pneumonia was much less. Most of the studies
did not mention the date of the radiological studies in relation
to the presentation date and in relation to the date of other
radiological studies. Agarwal et al. [12] mentioned that CT
chest was done within 30 days from the date of the plain chest
radiograph. In our study, the CXR and the chest CT were per-
formed within one day of hospital admission. The current
study also compared the CXR and the chest CT ﬁndings in
24 out of 54 patients. This comparison was valuable as it
revealed that CXR was less sensitive than the CT in showing
pneumonia opacities; the CXR did not show pneumonia in
7/24 patients (29.1%); (Figs. 3 and 4). This goes with the
results of Marchiori et al. [17] and Nicolini et al. [18].
Marchiori et al. mentioned in their correspondence to the edi-
tors [25] that CT is helpful, especially when there is a high clin-
ical suspicion for pneumonia in the presence of normal or
questionable radiographic ﬁndings.
In our study, GGO was the most commonly seen pattern in
both CXR and chest CT; 72.3% and 95.8% respectively. The
alveolar consolidation ranked second; in 66% of CXR and in
66.7% of CT (Table 1) (Figs. 1 and 7). The chest CT showed
conﬂuent consolidation and nodular opacities more frequently
than CXR. This discrepancy was clearer in the group of
patients who did both CXR and chest CT. In this group the
CT was much more sensitive than CXR in showing different
patterns of opacities (Table 2) (Figs. 3–5). The most common
appearance in both CXR and CT chest was a combination of
more than two opacities, usually GGO and alveolar consolida-
tion (Figs. 6 and 7). Alveolar consolidation was the most com-
mon radiological ﬁnding in the early study of H1N1
pneumonia by Perez-Padilla et al. [1]. Later on Jartti et al.
[19] reported the same ﬁndings and added that GGO was the
second most common. In the studies of Agarwal et al. [12];
alveolar consolidation followed by either GGO or a combina-
tion of both were the most common ﬁndings in CXR while the
same combination was the most common in CT chest. In the
same study; CT showed nodular opacity in 6 patients while
CXR showed only one of them. Ajlan et al. [13] reported that
GGO plus or minus alveolar consolidation was the most com-
mon ﬁndings in CXR and CT. Marchiori et al. reported in two
studies [15,17] that GGO, areas of consolidation, or a mix of
both are the predominant chest CT ﬁndings in patients with
H1N1 pneumonia. The same ﬁndings were reported by Li
et al. [20]. Aviram et al. [16] studied the initial chest radio-
graphs in patients with H1N1 pneumonia and concluded that
the characteristic imaging ﬁndings included the following:
GGO (69%), consolidation (59%), frequently patchy (41%),
and nodular (28%) opacities. Also Nicolini et al. [18]and CT images only in the group of patients who did both CXR
CXR 24 pts Signiﬁcance (P value)
4/24 (16.6%) 0.056
8/24 (33.3%) Sig. (0.020)
13/24 (54.1%) Sig. (0.000)
1/24 (4.1%) Sig. (0.000)
10/24 (41.7%) 0.080
GO: Ground glass opacities, Sig.: Signiﬁcance.
Figure 3 Male patient with a conﬁrmed H1N1 inﬂuenza. (A) Cxr looks normal. (B) and (C) Coronal reformatted chest CT images show
peripheral multizonal GGO and nodular opacities.
Figure 4 Male patient with conﬁrmed H1N1 inﬂuenza. (A) CXR shows doubtful haziness in the right lower lung zone. (B) and (C) Axial
CT images show bilateral lower lobes peripherally distributed alveolar consolidation and GGO.
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consolidation were the predominant radiological ﬁndings of
inﬂuenza A (H1N1) virus pneumonia. In his elegant review
about imaging of pulmonary viral pneumonia; Franquet [26]
reported that the predominant CT ﬁnding was GGO with focal
or multifocal areas of consolidation. Indeed the GGO
described in those studies and in the review studies were the
localized GGO either discrete or multifocal and not the diffuse
homogeneous GGO nor the mosaic appearance.Regarding distribution of opacities (Table 3), our study
showed that the opacities were bilateral in most of the
patients. The most common presentation in the CXR was
lower and middle zone involvement (50% of cases)
(Fig. 2) while it was the three zone involvement in the chest
CT (45%) (Fig. 6). In the CT, there were peripheral opac-
ities in most of the patients (95.8%) and the most common
appearance was a combination of peripheral and peribron-
chovascular opacities (50%) (Fig. 7). The bilateral
Figure 5 Male patient with conﬁrmed H1N1 inﬂuenza. (A) CXR shows diffuse GGO and minute nodular opacities involving the middle
and lower left lung zones. (B) coronal reformatted chest CT image shows extensive peribronchovascular conﬂuent consolidation involving
most of the left lung.
Figure 6 Male patient with severe H1N1 pneumonia. (A) CXR shows extensive bilateral alveolar consolidations, GGO, nodular and
reticular opacities involving most of both lungs. (B) and (C) coronal reformatted chest CT images show bilateral peribronchovascular and
peripheral conﬂuent consolidations and GGO involving the 3 lung zones. Discrete alveolar consolidation, nodular and reticular opacities
are also seen.
Figure 7 Young lady with severe H1N1 pneumonia. Axial chest
CT image shows bilateral peripheral and peribronchovascular
GGO, alveolar consolidation and conﬂuent consolidation.
Table 3 Description of the distribution of opacities in CXR
and CT images.
CXR 47 pts CT images 24 pts
Focal 11/47 (23.4%) 5/24 (20.9%)
Multifocal unilateral 8/47 (17%) 2/24 (8.3%)
Bilateral 28/47 (59.6%) 17/24 (70.8%)
Upper lung zone 13/47 (27.6%) 16/24 (66.7%),
Middle lung zone 33/47 (70.2%) 16/24 (66.7%)
Lower lung zone 37/47 (78.7%) 20/24 (83.3%)
CXR: Plain chest X-ray, CT: Computerized tomography, Pts:
Patients.
140 M. Abdelsalam et al.peripheral distribution was the predominant distribution in
most of the similar studies [1,12–20]. Agarwal et al. [12]
and Nicolini et al. [18] reported that the lower lung zones
followed by the central lung zones were the most commonlyinvolved in the CXR while Aviram et al. [16] reported that
the multizonal distribution was the most common ﬁnding.
Franquet [26] reported that the predominant distribution
was peribronchovascular and subpleural.
Our study showed that the extension of the opacities was
mild in most of the cases (Table 4) with involvement of less
than 3 zones in the majority. The extensive opacities (5–6
zones) were uncommon. The extent of lung involvement is pro-
portional to the disease severity [8,16] and most of the cases of
Table 4 Description of the extension of opacities in CXR and
CT images.
CXR 47 pts CT images 24 pts
One zone 16/47 (34%) 11/24 (45.8%)
Two zones 17/47 (36.2%) 7/24 (29.1%)
Three zones 6/47 (12.8%) 1/24 (4.2%)
Four zones 5/47 (10.6%) 3/24 (12.4%)
Five zones 1/47 (2.1%) 1/24 (4.2%)
Six zones 2/47 (4.3%) 1/24 (4.2%)
CXR: Plain chest X-ray, CT: Computerized tomography, Pts:
Patients.
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our ﬁndings that most of the cases showed less than three lung
zone involvement.
Our study has some limitations: it was retrospective, it did
not relate the clinical severity of the pneumonia to a precise
percentage of lung involvement, and it did not relate the out-
come of pneumonia to the radiological features.Conclusion
The predominant radiological pattern in H1N1 pneumonia is
bilateral GGO and alveolar consolidation. The opacities are
usually basal and midzonal in the CXR while in the chest
CT they are mainly peripheral and peribronchovascular with
diffuse zonal involvement. Most of the cases are not extensive.
Chest CT is more helpful than CXR in diagnosing doubtful
cases and in showing different patterns of opacities. These
ﬁndings might help in suspecting and early diagnosis of
H1N1 inﬂuenza pneumonia.
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